An electromagnetism scattering characteristics of Stealth target is a base for bistatic radar design. To study anti-stealth technology of bistatic radar, the radar cross section (RCS) of F-22 are calculated and measured by a true contrail. The simulation conclusion is accordant with the theory. Some valuable data can be provided as the theoretical bases for the design of anti-stealth radar systems．
INTRODUCTION
Radar stealth technology comes into practicality phase since Stealth aircraft is used in a true battle. A detectable study of stealth aircraft is one of the attention hotspot for every military affair, which start with the electromagnetism scattering characteristics of Stealth target. The characteristics are based on radar detection, tracking and recognition, which provide technical support for argumentation, design, and manufacture of anti -stealth weapon system. Stealth aircraft F-22 is as the research object in the paper. By electromagnetism theoretical calculation and real simulation, the scattering characteristics and bistatic scattering is analyzed and discussed. _______________________ Xiaoyan Fan, She Shang, Dawei Song, Wenfeng Sun, Dong Li, Xi Luo, Yuanyuan Wen， China Academy of Space Technology(Xi'an), National Key Laboratory of Science and Technology on Space Microwave, Xi'an 71000, China
BISTATIC ELECTROMAGNETISM SCATTERING ANALYSIS AND MODEL OF STEALTH TARGET

Babinet Principle
The bistatic radar is an effective and real method in many anti stealth measures. Forward scattering is formed when the bistatic angle between the target and the radar transceiver base is 180°, according to the bistatic radar scattering theory. The RCS is obviously increased. Whether metal target or coating material, the equation can be written as, 
Where, A can be defined as sectional area or projection in the incident direction of the target. λ is the wavelength.
The target can be single smooth body or complex shape, reflection type, absorption or the combination. Forward scattering is produced as long as the projection of the target is in the range of the transmitting beam.
The forward scattering effect can be explained with the Babinet principle. The Babinet principle is originally used as optical principle, and introduced to the electromagnetic theory later which used to explain the same radiate pattern between a dipole antenna and slot antenna. When the bistatic angle is greater than 130 °, the scattering effect will increase sharply with the increase of bistatic angle. The result is caused by a slot antenna radiation pattern. Because dipole target represents a real targets, Babinet principle visually explain the mechanism of complex targets scattering area increased. So in theory, the system has the ability to find stealth targets. Forward scattering effect enhanced must meet the condition of wavelength less than the target size. When the wavelength is larger than the target size, the scattering effect is weakened. The bistatic radar, located in a different address receiver can always find the target by multiple receiving the echoes with different target parts (such as the side, abdomen, etc.).
Thus the bistatic radar has the ability to detect stealth radar. According to bistatic radar theory, when the bistatic angle greater than 130°, the target has a larger RCS, which can be considered the bistatic radar forward scattering enhancement area beginning from 130 °.
Stealth Target Model
In order to verify the Babinet's principle and the validity of bistatic radar system to detect stealth target, the US stealth aircraft F-22 is chosen. The external dimensions are 18.923m × 13.564m × 4.02m. Pro / ENGINEER software is used for F22 three-dimensional model, Pro / ENGINEER software is a set of threedimensional design from design to manufacture. The three-dimensional model of stealth aircraft is as shown in Figure 2 . In order to facilitate the calculation of RCS, remove fine surface structure of stealth aircraft. Hypermesh software is used for triangles bins mesh, taking the incident electromagnetic wave frequency 1.5G, mesh size 0.1 wavelengths, namely 20mm. The geometry cleanup size thresholds should be at least 1/3 times than mesh size. The excess connection points and surfaces are removed, which must ensure that the metal surface is closed.
STEALTH AIRCRAFT F22 RCS ANALYSIS
F22 RCS Arithmetic
Fast multipole algorithm (FMA) is based on a theorem of vector addition. A Green's function of integral equations is processed by using the addition theorem. By expanding the angular spectrum space, using plane wave to operator diagonalization, eventually multiplying between a dense matrix and vector calculated are turned into a sparse matrix and vector calculations [5] .
Fast multipole method is not only calculated precisely and rapidly, but also saving storage. In the fast multipole method, the numerical errors mainly come from the truncation error truncation of the infinite sums sequence, the numerical integration error of angle spectrum space and inter-layer interpolation error [4, 7] .
F22 RCS Simulation and Analyzing
According to the mesh of the modelling above, incident angle θ =46°, φ =90°, observing angle θ =90°, φ =0~360°. Frequency is 1.5GHz and computing angle interval 1°. RCS of the bistatic radar is simulated and the result is as following. By simulation, the result of the bistatic angle and the bistatic RCS is as following. In the Figure 5 , the curves send up near the angle 130°. When the bistatic angle is 150°, the value of the V-V polarization is maximum, that is 21.4733dBsm. The mean value is 6.63609dBsm.
According to the real scene, the unmanned aerial vehicle (UAV) scene is assumed in the stratosphere altitude 20 km, near the first island chain east longitude 117.67° and north latitude 18.55°. According to the farthest distance of the probing airborne radar, the stealth aircraft flies randomly in the UAV within the range of 300 kilometres, altitude 12 km. the satellite is as the external radiation source. Coordinate relations with F22, the satellite platform and the receiver are shown as the Figure 5 . The head of F22 is towards the x-axis, the fuselage vertical to the y axis, the plane between x-axis and y-axis perpendicular to the z-axis. The angle of incidence θ1 is defined as the angle between the z-axis and the connection of the satellite and the origin. The angle of incidence φ1 is the angle between the x-axis and the satellite connection with the origin in the x-y plane. The viewing angle θ2 is the angle between the z-axis and the UAV platform connection with the origin. The observation angle φ2 is between the x-axis and the UAV platform connection with the origin in the x-y plane. The bistatic angle β is the angle between the origin connection with the satellite and the UAV platform. F22 stealth aircraft is assumed that the surface layer of the metal coating. The receiving frequency of the bistatic radar is 1.5GHz. The angle of incidence and observation is set by rounded interval of the bistatic angle. RCS is calculated by the fast multipole algorithm. The RCS curve of the stealth target is shown from Figure  8to By theory analysing and the fast multipole algorithm demonstrating, the Efficiency Analysis on the Electromagnetism Scattering Characteristics of the Bistatic Radar is illustrated fully. The fast multipole algorithm demands a better mesh and a better compute platform. The high frequency can compute the RCS curve rapidly, but the accuracy is lower than the fast multipole algorithm. The best algorithm is chosen by actual requirement. The simulation results of the RCS can provide the basis for designing the radar system parameters.
